A 29-year-old kidney transplant recipient returning from Mali was diagnosed with Rift Valley fever (RVF) in France in autumn 2015. The patient was immunosuppressed due to his renal transplant. IgM and IgG specific to RVF virus (RVFV) were detected in cerebrospinal fluid and blood up to two months after symptom onset, whereas in urine, RVFV genomic RNA was detected by RT-PCR up to three months, and in semen up to four months post symptom onset.
A 29-year-old kidney transplant recipient returning from Mali was diagnosed with Rift Valley fever (RVF) in France in autumn 2015. The patient was immunosuppressed due to his renal transplant. IgM and IgG specific to RVF virus (RVFV) were detected in cerebrospinal fluid and blood up to two months after symptom onset, whereas in urine, RVFV genomic RNA was detected by RT-PCR up to three months, and in semen up to four months post symptom onset.
We report a human case of Rift Valley fever (RVF) imported from Mali to France in an immunosuppressed patient after renal transplantation three years earlier, and detail the laboratory findings.
Case report
A 29-year-old kidney transplant recipient originating from Mali and having lived in France for five years, visited friends and relatives in Dionkoulané (Kayes region, Mali) from mid-August 2015 onwards. A month later, he started to have fever, chills and fatigue (day 1) and consulted a general practitioner (GP) in Mali. He was empirically treated with intravenous quinine for three days. His clinical status improved so he was able to return to France eleven days later.
At the end of September 2015 (day 12), he was admitted to Pitié-Salpêtrière University Hospital in Paris for asthenia and hypothermia (35.5 °C). The results of the clinical examination were normal. The liver function tests showed a severe cytolysis (aspartate aminotransferase: 12.44 international units (IU)/L (norm: 20-32), alanine aminotransferase: 1.236 IU/L (norm: 16-35)) with anicteric cholestasis (gamma glutamyl transpeptidase: 652 IU/L (norm: 12-55), alkaline phosphatase: 170 IU/L (norm: 40-120), total bilirubin: 9 IU/L (norm: 2-17)), and without liver failure (prothrombin time: 100%, factor V: 99%). Hepatitis B virus DNA PCR (COBAS AmpliPrep/COBAS TaqMan HBV test v2.0 Roche) was at the positivity threshold, i.e. 20 IU/L. Hepatitis B surface antigen (HBs-AG) was negative, HBs and HBc IgG antibodies (ARCHITECT AgHBs qualitative II, Anti-HBs, Anti-HBc II, Abbott) were previously known positive. PCR detection of other viruses (hepatitis C, D and E, human immunodeficiency virus (HIV), herpes simplex virus) in blood was negative as well as hepatitis A virus IgM, HCV and HIV serologies. Epstein-Barr virus and cytomegalovirus PCR in blood were weakly positive. The patient was treated with entecavir due to suspicion of acute hepatitis B. The treatment was stopped after one week when the diagnosis was ruled out. Meanwhile, liver enzymes had returned to normal limits, and hepatic ultrasound scan did not show gallstones. He was discharged on day 17 with a temperature of 36.8 °C.
On day 44, he was hospitalised again, this time presenting with delirium, fever (38.8 °C), headache, neck and back pain but no other neurological deficit and no visual loss. Lumbar puncture showed a lymphocytic meningitis (Table) .
Two further lumbar punctures were carried out on day 48 and day 52. Cerebrospinal fluid (CSF) and serum were sent to the French National Reference Center for Arboviruses in Marseille. A magnetic resonance imaging (MRI) scan of the patient's brain on day 60 showed signs of pachymeningitis. Cryptococcal antigen and JC polyomavirus PCR were negative in blood and CSF. Given that the patient came from a tuberculosis endemic country, tuberculosis was considered and a pulmonary CT-scan and a bronchoscopy were performed for detecting pulmonary localisation. The bronchoscopy showed signs of intra-alveolar haemorrhage but the CT-scan was normal. The tuberculin skin test and QuantiFERON test were negative. However, the clinical presentation of lymphocytic meningitis with pachymeningitis in an immunocompromised patient originating from a tuberculosis endemic region, led us to consider tuberculosis meningitis in the absence of an alternative diagnosis. Treatment with anti-tuberculosis drugs was initiated on day 62 but stopped three days later because results for RVF ELISA serology in CSF taken on day 52 were positive for IgM and IgG antibodies.
The in-house qualitative RVFV ELISA is based on the same technic developed by Peyrefitte and al [1] . for dengue virus, including positive and negative serum controls confirmed by serum neutralisation test. RVF antigens are produced from a RVFV strain isolated in 2003 from a patient from Chad. Specificity of the RVFV antibodies detected was confirmed by a 50% neutralisation titre of 1/160 for RVFV (strain Chad 2003) using the virus neutralisation test described by Swanepoel et al. [2] .
Semen and urine collected on day 74 were positive (Cycle threshold (Ct) 36.40 and 35.20, respectively) for RVFV, using a RVFV quantitative real-time reverse transcription-PCR assay (Taqman RT-PCR) developed by Bird et al. [3] but faeces and saliva collected on day 82 tested negative. Isolation of the virus was unsuccessful so the RVFV strain could not be sequenced.
Upon establishment of the diagnosis on day 63, we stopped mycophenolate mofetyl and doubled prednisone (from 7.5 mg to 15 mg per day) to facilitate clearance of the virus. The patient improved clinically and headaches, back pain and asthenia disappeared within three weeks. He was discharged without any clinical sequelae in early December, 74 days after he had presented with symptoms to the GP in Mali.
During follow-up, the patient did not report having had any neurological defects or seizures. Neurological and ophthalmologic examination remained within normal limits.
RT-PCR became negative on day 145 in semen i.e. four months after the first physician visit, and in urine on day 117 i.e. three months after the onset of symptoms (Table) .
Investigation into possible source of infection
The investigation was limited to an interview of the patient. He arrived in Dionkoulané, Kayes region, 30 km south the Mauritanian border, in Mali, in mid-August 2015. He took care of his father's livestock i.e. sheep and donkeys. No deaths or abortions in these animals were reported. He stated that he may have been in contact with mice living in the area. He did not handle dead animals or abortion products. He consumed raw cow's milk with couscous for a wedding in mid-September, about four days before the onset of the symptoms. No other guests exhibited illness following the wedding.
Background
Rift Valley fever (RVF) is an arthropod-borne zoonotic viral disease affecting mainly domestic and wild ruminants, as well as humans. Outbreaks in humans have been reported in 19 countries across Africa, the Indian Ocean islands, and the Arabian Peninsula [4] .
RVF virus is transmitted to humans and animals by (i) direct contact with sick or dead infected animals or their body fluids, (ii) consumption of raw milk or meat from infected animals, and (iii) occasionally by mosquito bites (Culex, Anopheles, Aedes) [5] . Livestock i.e. sheep and goats, are highly susceptible to the virus leading to frequent epizootics, causing deaths and abortions and a significant economic impact.
Human infection is typically either subclinical or associated with moderate to severe, non-fatal, febrile illness. Patients can also develop ocular and neurological lesions, hepatitis with hepatic failure or haemorrhagic syndrome associated with infection. Approximately 1 to 2% of RVF infections result in fatal haemorrhagic fever [6] . 
Discussion and conclusion
This case report highlights that RVF may be acquired in Mali and that the virus was detected in urine and semen after the onset of symptoms for up to three and four months, respectively, in an immunosuppressed patient.
This is to the best of our knowledge the first documented human case of symptomatic RVF acquired in Mali. However, results from a study in 1999 among slaughterhouse personnel working with cattle and sheep in Saudi Arabia during the Hajj, showed a high seroprevalence for workers from Mali [7] and the village where the patient was infected is 30 km south the Mauritanian border, where an outbreak of RVF in sheep and goats was declared in October 2015 [8] . To our knowledge, there was no ongoing outbreak, unusual die-off or abortion reported in livestock in the village during the period of the patient's stay but a silent circulation of the virus cannot be excluded [9] . The patient was frequently bitten by mosquitoes. He also reported raw milk consumption which is considered as a risk factor for human infection [10] .
Given the massive affection of the liver, the possibility of acute hepatitis B was ruled out by the low HBV viral load detected by RT-PCR at 20 IU/mL or 1.3 log, corresponding exactly to the threshold of this technique and with no clinical or biological significance, in a patient with a cured hepatitis B. Furthermore, a test for HBV viral load done one month later, was negative.
This case demonstrates the difficulty in diagnosing a little known pathology. The initial clinical presentation was characteristic for acute hepatitis and four weeks later, the patient presented with a lymphocytic meningoencephalitis. The severity of the clinical picture may have been related to the necessary therapeutic immunosuppression in the kidney transplant recipient which might also have slowed down the clearance of the RVFV. We did not precisely identify the mode of infection, however, the time from raw milk consumption to symptom onset was approximately four days. Considering this, and the clinical course with hepatitis symptoms 12 days later, and meningoencephalitis 44 days after having visited the physician in Mali, this is in agreement with the incubation time in the literature [5, 6] .
We report the first RVF viral RNA detection in urine and in human semen that did not have gross blood contamination. No information about infectivity could be determined as viral isolation failed. The RVFV was previously detected in cattle semen [10] but not in humans.
Infectious Ebola virus can be present in semen more than three months after recovery and is transmitted to other persons by sexual route [11] . Similarly, Zika virus has been isolated from the semen of a patient 24 days post onset of symptoms [12] . Ebola virus RNA was detected more than nine months post-exposure [11] . Duration of virus persistence in semen may be linked to the immunosuppressive status of a patient or a viral characteristic as for Ebola and Zika virus. As a precaution, we recommend to abstain or engage only in protected intercourse when RVFV is detected in semen, until complete clearance of the virus.
RVFV genomic RNA was detected in semen four months after the onset of symptoms in an immunocompromised patient. Testing semen could be a new method for diagnosing RVF retrospectively and presence of RVFV genomic RNA raises the possibility that RVF could be transmitted sexually.
